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Abstract Our understanding and management of
pathways of alien species introductions has improved
significantly in the past few years. However, little
attention has been paid in most parts of the world to the
risks posed by the intentional introduction of alien
terrestrial invertebrates which are not intended for use in
biological control. We review the species and pathways
involved in this intentional trade, and discuss key factors
that mediate different aspects of risk. A total of 20
different intentions for the introduction of terrestrial
invertebrates were identified. Uses and trade patterns
have changed over time and further changes are likely in
the future. In particular, invertebrates used in the pet
trade, and as human food and animal feed are likely to
increase in relevance. We assess priorities for future
research and regulation based on the perceived ‘‘risk’’ of
the uses including propagule pressure, security of
captivity and ease of regulation. Regarding risk assess-
ment, we examine three options: (a) using an existing
generic protocol developed for a broad range of taxa;
(b) developing a new protocol, possibly by adapting a
protocol developed for other taxa; and (c) adopting the
approach applied for biological control, i.e. structured
experiments and observations. This reviewhighlights the
diversity of uses and associated threats of intentional
terrestrial invertebrate introductions. It provides recom-
mendations on how to tackle and prevent related issues
andcan therefore serve as aguideline for futurework.We
argue that the most suitable option for risk assessment
might depend on the type or organism and the level of
knowledge of the organism, as well as the intended use.
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Introduction
Species are being introduced, intentionally or acciden-
tally, into new ranges at increasing rates and in an
increasing diversity (Levine and D’Antonio 2003).
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Some of these alien species have devastating impacts on
the recipient environments and economies. It is impor-
tant to assess the risks posed by intentional introductions
and to restrict and regulate the spread of potentially
harmful species (Kumschick and Richardson 2013).
Considerable progress has been made in understanding
the pathways by which species are introduced (e.g.,
Hulme et al. 2008; Wilson et al. 2009; Essl et al. 2015),
and in evaluating the impacts caused by invasions (e.g.,
Kumschick et al. 2015). This has led to rigorous
quarantine measures and regulations in some parts of
the world: e.g. risk assessments are required for all
intentionally introduced species in Australia and New
Zealand (Australian Government Department of Agri-
culture, Fisheries and Forestry 2011). Other policies
pursue less comprehensive regulations focusing on a
specific selection of species (e.g. European Commission
2014; see also McGeoch et al. 2010).
There are several factors that complicate preventative
measures. The main pathways of introduction differ
between taxa, ecosystems and regions (Essl et al. 2015;
Faulkner et al. 2015). For example, most alien terrestrial
plant and vertebrate introductionswere ultimately due to
intentionally introduced species being released or
escaping from captivity or cultivation. Such instances
are often related to the horticultural trade, plantations,
livestock and pets, or aquaculture. By comparison, and
with the exception of biological control agents, most
alien terrestrial and freshwater invertebrates were acci-
dentally introduced (Hulme et al. 2008). In particular,
terrestrial invertebrates are usually introduced as con-
taminants of other introduced goods. For example, most
herbivorous insects are introduced with their host plants,
seed insects with living seeds, and wood boring insects
with wood or wood packing material (Work et al. 2005;
Rabitsch 2010). Furthermore, pathways change substan-
tially over time (Richardson et al. 2003; Hulme et al.
2008; Rabitsch et al. 2013). For example, in order to
control agricultural pests, many bird species were
historically introduced (including the highly destructive
and globally invasive common myna, Acridotheres
tristis, Kumschick et al. 2016), whereas there is an
increased effort to limit biological control introductions
to more host-specific invertebrate or microbial taxa.
Although various protocols have been developed for
assessing the risk associated with the future intentional
introduction of plants, vertebrates, and aquatic species
(Kumschick and Richardson 2013), risk assessments for
terrestrial invertebrates are usually carried out by the
plant-health sector and focus on accidentally introduced
plant pests (e.g. USDA-APHIS 2000; EPPO 2011). The
main exception are the risk assessment procedures
developed for the deliberate introduction of organisms
for the biological control of pests and weeds. To date
thousands of alien invertebrates have been deliberately
introduced as biological control agents worldwide (Win-
ston et al. 2015).Whilemanyof themhavehelpedcontrol
agricultural pests and invasive species, a few of them
have had non-target effects, which cause serious concern
(Louda et al. 2003; Hajek et al. 2016). For example, the
harlequin ladybird, Harmonia axyridis, which was
introduced into Europe and North America to control
aphids, has subsequently led to the decline of native
ladybirds due to intra-guild predation (Roy et al. 2012).
To reduce the risk of such problems occurring in the
future, there have been substantial improvements in the
risk assessment protocols for biological control agents.
These procedures require the collection of a large amount
of information on the species ecology and behaviour
through structured experimental work and field observa-
tions (VanDriescheandReardon2004;Loomansandvan
Lenteren 2005; Sheppard et al. 2005). Such studies have
historically focussed on direct interactions (e.g. host-
specificity), but are increasingly also considering indirect
impacts (e.g. on food-webs); see Van Driesche and
Reardon (2004) and Sheppard et al. (2005) for reviews.
Consequently, risk assessments for biological control
agents are oftenmuchmore detailed than those for plants
or vertebrates. However, biological control aside, we are
unaware of any risk assessment protocols that focus
specifically on deliberately introduced invertebrates.
Certain broad standards and regulations are available
which theoretically cover intentional terrestrial inverte-
brate introductions. This includes ‘‘Guidelines for the
export, shipment, import and release of biological control
agents and other beneficial organisms’’ published by the
International Plant Protection Convention under Interna-
tional Standards for PhytosanitaryMeasures No. 3 (FAO
1996), guidelines that in practice are mostly applied only
to biological control agents; and protocols for the release
of geneticallymodified organisms, e.g. via the Cartagena
Protocol on Biosafety (Mumford 2012).
This paper aims to review pathways and examples
of terrestrial invertebrates in trade. We then explore
three of the most prominent pathways in more depth,
discuss the risks associated with different uses of
terrestrial invertebrates, and compare various options
for assessing and managing the risks in practice.
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Review of pathways
Based on a review of the literature, our experience in
working in the field, and the responses to queries sent
to colleagues and to various list servers (BES-
invasives, ECOLOG-L), we identified 20 uses that
have led to terrestrial alien invertebrates being intro-
duced, other than for biological control (Table 1). This
is not an exhaustive list, but it gives an indication of
the diversity of reasons for the intentional introduction
and uses of terrestrial invertebrates.
We assigned these uses to pathways (according to the
Hulme et al. 2008 pathway classification) and scanned
the biological invasions literature using relevant key-
words (e.g. ‘‘[name of species traded]’’ or alternatively:
‘‘[use]’’ AND ‘‘alien’’ OR ‘‘exotic’’ OR ‘‘invasive’’ OR
‘‘non-native’’).We found few published records, almost
none of which focussed specifically on potential
impacts or on preventing future invasions.
For each use we estimated the colonisation pres-
sure, i.e. the diversity of taxa that might be introduced
sensu Lockwood et al. (2009), and the criteria
proposed by Wilson et al. (2009) to assess different
dispersal pathways: propagule pressure (i.e. numbers
of individuals moved, and numbers cultivated in new
range), genetic diversity (how much diversity within a
species is used), the selectivity of what is moved (e.g.
are taxa with large body size preferred), potential for
simultaneous movement of coevolved species (e.g. is
it likely that measures are in place to prevent the
accidental co-introduction of parasites or parasitoids),
and the level of human assistance provided in spread
and establishment (measured as the likelihood of
escape from captivity, or co-option of vectors for
spread). Given that the evolutionary distance between
species in the native and introduced ranges depends on
the specific context, it is not included here. Finally we
considered how easy it would be to regulate each
pathway (Table 1).
As data on changes in the relative importance of
pathways over time were scarce in the literature, we
used our opinion to postulate what the likely trends are
(Fig. 1).
Example 1: invertebrates as food and feed
Terrestrial invertebrates have long been eaten by
humans in most parts of the world. Over 2000 species
of insects are eaten regularly or occasionally by up to 2
billion people (Jongema 2012). Until recently, nearly
all these species were collected locally, but insects and
other terrestrial invertebrates are increasingly pro-
moted as a sustainable source of protein for human
consumption and animal feed with high potential for
mass production (FAO 2013; Halloran et al. 2014;
Kenis et al. 2014). Consequently, the development of
large production systems is encouraged and this is
often associated with the movement of invertebrate
species and strains worldwide. For example, various
species of mealworms and crickets are produced for
human and pet food, and fly larvae are used for
livestock feed (FAO 2013); most species used for
these purposes are non-native. While most of these
species are now cosmopolitan, the importation of new
strains is commonly suggested to increase production
efficiency, e.g. the black soldier fly Hermetia illucens
(Zhou et al. 2013). Furthermore, new species are being
tested. Species introduced for mass rearing in food and
commercial feed need to produce a large enough
biomass for the project to be successful and econom-
ically viable and, as none of these production systems
are specifically designed to prevent escapes (FAO
2013), if outdoor environmental conditions are
favourable, it is likely that these introductions will
establish. To date, risk assessments related to the use
of insects and other invertebrates as human food and
animal feed have concentrated mainly on food/feed
safety (Belluco et al. 2015; Charlton et al. 2015). To
our knowledge, the risks of unintended invasions have
yet to be fully considered.
The giant African land snail, Achatina fulica, is a
notorious example of a harmful invader that was
introduced primarily as a human food source to many
places around the world (Cowie and Robinson 2003;
Thiengo et al. 2007), including various islands (Davis
et al. 1964). Invasive populations usually arose from
escapes from breeding facilities but there were also
some intentional releases into the wild (Mead 1979).
The snail has subsequently become a serious agricul-
tural pest in many parts of the world (e.g. India; Raut
and Barker 2002), because of its herbivory and its role
in transmitting plant and human diseases. It has also
been observed predating on native snails (Meyer et al.
2008). The rosy wolfsnail (Euglandina rosea) was
subsequently introduced to several islands in the
Pacific and Indian oceans to control the giant African
land snail. Biological control failed, and the fast-
moving rosy wolfsnail is now also invasive on these
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Table 1 A selection of current and emerging pathways for the intentional introduction of terrestrial invertebrates to areas outside
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Likely to be a few introductions 
that are kept in captivity. There 
is a large incentive to introduce 
clean colonies given past 
problems. As a discrete industry 
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M H L M L N H H Mass rearing in facilities Hermetia illucens, Musca domestica
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collections, live jewelled beetles 
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traditional medicine, and 
sometimes in modern medicine
maggots, bees, 











M H L H H Y L L
Deliberate release into the 
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Examples of specieswhichbecame invasive are indicated in bold font.The criteria for assessing thedifferent uses are definedasperWilson
et al. (2009), with the addition of an estimate of colonisation pressure (Lockwood et al. 2009), and ease of regulation. The latter was
determined according to the approximate number of stakeholders involved (e.g., one or several industries involved, many individual
people involved), the likely level of knowledge, and the complexity of the trade network (e.g., internet sales involved, smuggling expected)
L low, M medium, H high, Y yes, N no
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islands and has caused the decline of several endemic
species (Cowie and Robinson 2003).
Example 2: invertebrates as pets
Many terrestrial invertebrates are traded worldwide as
pets. Unfortunately, unwanted pets are not often
disposed of in an appropriate and responsible manner.
They are more often simply released into the wild
(Hulme et al. 2008). The giant African land snail
mentioned above was also introduced as a pet to
several countries (Thiengo et al. 2007) and it is still
available in the pet trade. Importation of snails to
Florida from Hawaii by a child led to a major
infestation in the 1960s, though it was later eradicated
(Cowie 2011). Many arthropods such as butterflies and
moths, ants, stick insects, bugs and spiders, are traded
around the world as pets. For example, 75 species of
tarantulas are traded in South Africa alone (S Foord, M
Robertson and C Shivambu, pers comm.). In Florida,
the Mexican redrump tarantula (Brachypelma vagans)
has established a population in the wild (Edwards and
Hibbard 1999) and according to the authors the
population could have been present and undetected
for well over a decade before it was detected.
It is very likely that many other established
invertebrates remain undetected until the species
occurs in high enough numbers or causes recognisable
impact. Such low detectability adds an additional layer
of complexity to the management of such species, and
this needs to be considered when analysing a species’
risk.
In recent years there has been a noticeable increase
in the number of online vendors selling invertebrates.
For example, well over 200 species of ants are
available from one website alone (https://www.ants-
kalytta.com/home.php). Growth in this sector has
encouraged the sale of increasingly more ‘‘exotic’’
species, which increases the risk of misidentification
and sale of potentially damaging species. These
organisms can be easily transported via post, often
surviving without food for well over a week, which
means that it is difficult to regulate the trade. Fur-
thermore, it is often common practice with some ant-
keepers to allow their colonies to forage outside of
their enclosures, thus increasing the risk of establish-
ment outside of their native range (U Bauer pers.
comm.).
Example 3: pollinators
Introduced pollinators, in particular honey bees and
bumble bees, cause ecological impacts at various
levels, e.g. through hybridisation with native species
or sub-species, competition for resources and nesting
sites, reduced pollination of native plants and promo-
tion of invasive species (see review by Kenis et al.
2009). Bumble bees are extensively used worldwide
for pollination in greenhouses. Although some coun-
tries have imposed import bans, alien bumble bee
species or sub-species are still commonly traded in
many other countries, causing concern for their impact
on non-target species and native ecosystems through
Fig. 1 Changes in the relative prominence of different path-
ways for the intentional introduction of terrestrial invertebrates
over time. Trends are approximate. The width of the lines give a
crude estimate of the number of species used and traded and the
number of countries involved. No line insignificant use, no
trade; thin line one to few species used, insignificant trade if
many used, 1–2 countries involved in trade;medium line over 10
species used, some traded, if few species used, significant
numbers of individuals traded or bred, 3–5 countries involved in
trade; thick line over 20 species used, many traded, over 5
countries involved in trade, typically large numbers of
individuals. The variables were estimated based on expert
opinion, and uses are ranked according to priorities as shown in
Table 2
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displacement of out-competed pollinators, hybridiza-
tion, disease and parasite transmission (Dafni et al.
2010; Goulson 2010; Schmid-Hempel et al. 2013).
European honey bees were introduced to North
America for pollination and honey production in the
1620s and to Australia in 1822 (Crosby 1986) and
subsequently spread on both continents. A poster-
child invasion stems from a research experiment to
breed more productive bees. The African honey bee
(Apis mellifera scutellata) was introduced for breeding
experiments with European honey bee subspecies to
Brazil in 1955, but the hybrids escaped and invaded
large parts of the Americas, causing significant
ongoing livestock losses and human health issues
due to increased aggression (Smith et al. 1989;
Schneider et al. 2004).
Other examples of impacts caused by intentionally
introduced invertebrates
One of the most notorious plant invasions was actually
due to an intentionally introduced invertebrate. In
order to develop the dye industry in Australia,
cochineal insects (Dactylopius coccus) were intro-
duced in 1788 along with Opuntia spp. Although the
insects did not establish, the host plants spread fast
until pushed back in the 1920s by the introduced
biological control agent Cactoblastis cactorum from
South America (Zimmermann et al. 2004).
Many different species of earthworms are traded for
soil improvement and restoration after habitat degra-
dation. Some of these earthworms have subsequently
invaded agricultural land and forests, competing with
native species (Baker et al. 2006). Being ecosystem
engineers, earthworms have the capacity to influence
soil processes and communities (e.g. Hendrix 2006). It
is unsure whether the invasive populations stem from
intentional introductions or accidental introductions
with soil. What is clear, however, is that these invasive
species are still widely traded, including as fishing
baits, for example, Blakemore (1999) reports that
cocoons of Eudrilus eugeniae, an earthworm species
native to tropical West Africa, were introduced from
Canada to Queensland by worm growers.
The introduction of the gypsy moth, Lymantria
dispar, in North America originates from an inten-
tional importation from Europe in the late 1860s by a
French entomologist who wanted to assess its suit-
ability for silk production (Liebhold 1989). The moth
escaped from his laboratory to become one of the most
serious pests of broadleaved plants in Eastern North
America (Tobin et al. 2012).
The Indian walking stick insect (Carausius moro-
sus) is popular as a laboratory animal, for school
demonstrations and as a pet, and has established
populations in South Africa, Florida and California,
the Azores and Madeira (e.g., Aguiar et al. 2014).
Trends in use
We expect most of the uses of terrestrial invertebrates
to increase in the future (Fig. 1); this will bring a
higher diversity of species in higher numbers to new
regions. People want to keep bizarre new species or
rare and endemics species from various parts of the
world as in the example of live exhibits of butterflies
(Boppré and Vane-Wright 2012), and explore differ-
ent ways to celebrate big events like with the release of
introduced butterflies (New 2008). Besides these
‘‘exotic’’ uses, people are looking for new ways of
restoring ecosystem services which have been lost or
decreased due to mismanagement of resources. There-
fore, introduction pathways associated with pollina-
tion, habitat and soil restoration and improvement, and
waste management are expected to become more
important (Fig. 1). As discussed above, the production
and use for human food or animal feed is also being
widely encouraged, and this pathway is also likely to
increase in importance (FAO 2013; Halloran et al.
2014; Kenis et al. 2014). For these reasons, it is crucial
to gain an improved understanding of the risks
associated with the intentional introduction and
dissemination of invertebrates, and to explore options
for regulating these movements (Denmark and Porter
1973).
Risk assessment
Intentional invertebrate introductions can clearly have
major negative impacts on both the environment and
the economy, and biosecurity measures need to
address such threats, both current and future. It is also
required by International Standards for Phytosanitary
Measures No. 3 (FAO 1996) to carry out risks analysis
before the import of beneficial organisms. However,
we cover a much broader spectrum of invertebrate
1082 S. Kumschick et al.
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introductions and consider impacts beyond plant
health. Procedures need to be put in place to assess
the elements of risk posed by these introductions, in
particular new importations through new pathways.
Three options can be considered for risk assessment
protocols: a) using an existing generic protocol
developed for a broad range of taxa; b) developing a
new protocol, possibly by adapting a protocol devel-
oped for other taxa; or c) adopting the approach
applied for biological control, i.e. structured experi-
ments and observations.
Using an existing generic protocol
Various protocols have been developed recently for
assessing the risks posed by introductions, including
of terrestrial invertebrates. While some are especially
suited to assess the actual or potential impact of
established alien species, or species about to enter a
new area, others are full risk assessment protocols that
include all components of invasion risk, i.e. the
likelihood of entry, establishment and spread, and
the magnitude of impact. The GB Non-native species
Secretariat (2011) protocol in Great Britain and the
Harmonia? protocol (D’hondt et al. 2015) in Belgium
are two such full risk assessment protocols for alien
species. Both are suitable for all taxa and have already
been used or tested on many species, including
terrestrial invertebrates. While such testing has, to
date, rarely considered intentional invertebrate intro-
ductions, the GB Non-native species Secretariat did
assess the risks that alien strains of bumble bees posed
(see list of assessed species at: http://www.
nonnativespecies.org/index.cfm?sectionid=51), indi-
cating that the protocols can be used without large
modifications. However, some adaptations and addi-
tions to explicitly include questions related to inten-
tional introductions and the management of their risk,
e.g. purpose of use, propagule pressure and security of
captivity, might be useful. Other countries provide
regulated processes for import risk assessments, valid
for all taxa but with less specific protocols, allowing
more flexibility in the assessment procedures (e.g.
Biosecurity New Zealand 2006; Australian Govern-
ment Department of Agriculture, Fisheries and For-
estry 2011). These protocols are more detailed than
most of the abovementioned and require experimental
work to be conducted if no suitable information is
available in the literature, similar to protocols for
biological control agents. In most countries, such a
thorough assessment for each new species arriving is
not seen as feasible, and using a well-established
generic protocol is the easiest option for assessing the
risk of a new importation. However it might have the
disadvantages of relying on information on the
organism or the pathway that is not readily available.
Developing new protocols
Instead of using a generic risk assessment protocol, a
protocol specific to intentional importations of terres-
trial invertebrates, of lower taxa or of specific
pathways, could be developed. Various protocols have
already been proposed for single species, e.g. a
bumblebee (Kadoya and Washitani 2010), for taxo-
nomic groups within terrestrial invertebrates, e.g. ants
(Ward et al. 2008) or snails and slugs (Cowie et al.
2009), and for specific pathways, such as introductions
for biological control (Kimberling 2004; Raghua et al.
2007). Risk assessment protocols specifically
designed for restricted taxa such as single species or
families are often too limited in scope to be practically
useful for intentional introductions of terrestrial
invertebrates in general. However, it should be noted
that such specific assessments can be more accurate
than any broader protocol, allowing for more taxon-
specific details to be taken into account.
Risk assessment protocols for larger taxonomic
groups are available which have shown to be reason-
ably accurate across a wide variety of species, like the
Australian weed risk assessment for plants (Pheloung
et al. 1999). A possible option would be to adapt such
risk assessment protocols for terrestrial invertebrates.
However, this might be challenging because terrestrial
invertebrates are more diverse, less well studied, and
introduced via a wider variety of pathways than plants
or vertebrates.
Assessing the risk through experimentation
and observation
In many cases, pre-defined risk assessment protocols
carried out through desk-top studies require data that
are not available. This is particularly the case for
terrestrial invertebrates, for which many aspects of the
biology and ecology are unknown. For example, alien
agents used in classical biological control of insects or
Intentionally introduced terrestrial invertebrates 1083
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weeds are very often poorly known (in many cases not
described) before their assessment for introduction
into a new area. Therefore, risk assessment protocols
involving structured experiments and observations, in
particular for assessing their specificity for a host, a
prey or a plant, have been put in place (e.g. Van
Driesche and Reardon 2004; Loomans and van
Lenteren 2005; Sheppard et al. 2005) and procedures
are now included in several national legislations (Hunt
et al. 2008). Similar practices could be proposed for
distinct pathways and/or categories or organisms.
Different pathways and groups of organisms might
require different risk assessment approaches, accord-
ing to the level of risks. Risk is assessed by differen-
tiating between two components: the likelihood of an
event occurring and the consequences thereof (Daeh-
ler and Virtue 2010; Kumschick and Richardson
2013). For intentional invertebrate introduction, like-
lihood of invasion consists of inherent biological
components (climate suitability, availability of habi-
tats, resources, etc.), and a combination of propagule
pressure (how many individuals are introduced how
often), the security of containment, and other features
and dimensions of specific pathways (see also
Table 2). Regarding invertebrates, a much higher
number of individuals can be present within the same
facility (e.g. mass rearing of invertebrates for food)
compared to intentionally introduced vertebrates or
plants. Regarding their spread over a wide range, the
pet trade creates multiple foci of potential spread
similar to vertebrates and plants in trade. We suggest
distinguishing between different likelihoods of inva-
sion when assessing the risk of terrestrial inverte-
brates. Species intended for release into the
environment with the aim of establishment (Table 1)
should undergo additional experimental testing to rule
out non-target effects on the native environment
(option c above). This relates to uses such as
restoration and habitat improvement, and waste man-
agement (e.g. Tyndale-Biscoe 1996; Baker et al.
2006). For other taxa, risk of harmful invasion could
potentially be assessed using an off-the-shelf product
for various taxonomic groups or with newly developed
risk assessment procedures (option a and b above).
Another feature that needs to be considered is the
knowledge of the species. For example, in the cases of
ants as pets, flies as animal feed, and crickets as human
food, subject species are usually well known and
studied, certainly better known than for many other
invertebrates, such that additional experimental test-
ing might not be required.
The solutions outlined here for risk assessments, i.e.
species-based risk assessment, will only be effective
against legal intentional introductions. In cases where
smuggling is involved (e.g. the tarantula pet-trade or
honey- and bumblebee imports), raising user aware-
ness, enforcement and monitoring are crucial and
pathway-based risk assessments are more appropriate.
A lesson learnt from trade restrictions in pet turtles is
that animal trade quickly adapts to any legislation
using replacement species to continue with their
business (e.g. Scalera 2007). In Table 1, ease of
regulation, ranging from low to high, is an indicator of
whether species-based risk assessments alone could be
sufficient, or whether additional measures need to be
taken into account to prevent the species associated
with certain uses to invade and cause harm.
Risk management
It is important to mention that even though the risk
assessment protocols for species not intended for
release and establishment are similar, risk manage-
ment would differ considerably. Invertebrate pets are
more likely to be released or to escape captivity than
those kept in mass-rearing facilities or research
laboratories with higher security standards to contain
individuals, which makes the latter easier to regulate
(Table 1). Four different biosafety levels of contain-
ment are in place in the US and the EU for pathogens
in laboratory facilities, and for quarantine including
invertebrates. It might be useful to develop a similar
categorization for invertebrate breeding facilities in
the future. Although small invertebrates in high
numbers are difficult to contain, high-risk species
should be reared only in facilities with certain safety
standards, similar to potentially hazardous pathogens.
Due to the low requirements for mass rearing of many
invertebrates, and their high nutritional value, advo-
cacy is high to increase production for human food or
animal feed (e.g. FAO 2013; Shockley and Dossey
2014), including for small scale productions. For
example, there is a trend for lower income commu-
nities in Asia to rear invertebrates in their back yards,
and escapes en masse have been reported in the
media (http://www.latimes.com/world/la-fg-c1-china-
cockroach-20131015-dto-htmlstory.html).
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Priorities
Based on our assessment, we identified six uses as
being of potentially high risk and of need of prioritised
research and pathway regulation (Table 2). Both
bioweapons and cultural practices received the highest
priority score, but for quite different reasons. Biowea-
pons intend to create harm that is difficult to prevent or
predict (Lockwood 2012), while traditional uses, like
medicinal use and cultural practices, are often linked
to inconspicuous trade networks, and involve high
numbers of species. However, it should be noted that
whilst various factors were taken into account when
ranking the uses, motivations using many different
species without any safety standards (e.g. pet trade)
are more ‘‘risky’’ than motivations using a few species
(e.g. food/feed) or for regulated enterprises with
(potentially) higher safety standards (e.g. silk
production). Furthermore, species with low security
of captivity (Table 1) but no specific ‘‘use’’ in the
introduced environment should be given special
attention. This includes ornamental trade, which is
likely to increase in the near future (New 2008;
Fig. 1).
Conclusions
We have presented a preliminary review of the reasons
for intentional terrestrial invertebrate introductions,
the associated threats, and our best guesses of likely
trends. We recommend using modifying existing
protocols where possible and developing new ones
more specific to intentional terrestrial invertebrate
introductions where necessary. Taking into account
propagule pressure, security of captivity and ease of
Table 2 Priorities for research and regulation based on the number of species and individuals involved (propagule pressure), security










Bioweapons 2 3 3 3 11 High
Cultural practices 3 2 3 3 11 High
Pollination 2 3 3 2 10 High
Medicinal use 3 2 2 3 10 High
Pet trade 3 2 2 3 10 High
Dye production 1 3 3 3 10 High
Live exhibits 3 2 2 2 9 Medium
Ornamental trade 2 1 3 3 9 Medium
Habitat and soil improvement/
restoration
2 2.5 3 1 8.5 Medium
Human food 3 3 1 1 8 Medium
Managed relocation 1 2 3 2 8 Medium
Waste processing 2 2 2 2 8 Medium
Food for pets 3 1 1 3 8 Medium
Bait for fishing 2 1 2 3 8 Medium
Animal feed 2 3 1 1 7 Medium
Laboratory animals for scientific
experiments
2 3 1 1 7 Medium
Silk production 2 2.5 1 1 6.5 Low
Vivarium 3 1 1 1 6 Low
Eating flesh off bones 1 2 1 2 6 Low
Model taxa for schools 1 2 1 2 6 Low
Increasing propagule pressure was defined as higher priority (with Low = 1, Medium = 2, High = 3), while lower security of
captivity and ease of regulation were defined as higher priority (High = 1, Medium = 2, High = 3). Sums C 10 were defined as
high priority, C7 as medium, and\7 as low priority
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regulation, which can be linked to how ‘‘risky’’ certain
uses of terrestrial invertebrates are, we determined
priorities for research and regulation.
How to tackle the specific issues related to inten-
tional invertebrate introductions has not been given
enough attention in most parts of the world to date
(except in Australia and New Zealand). And in general,
more research is needed on the threats posed by the
introduction and rearing of small and inconspicuous
organisms, including the development or modification
of specific risk analysis protocols and procedures.
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